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(57) ABSTRACT 

A hand-held laser welding wand includes one or more 
removable filler media delivery extension tips. The wand is 
dimensioned to be grasped with a Single hand, thus filler 
media of various types and forms may be Supplied to the 
Weld area on a workpiece using various types of delivery 
Systems and methods, including fully automated, Semi 
automated, or manually. The filler media may be wholly or 
partially delivered via the filler media delivery passages. 
One or more of the extension tips may be inserted into the 
filler media delivery passages to efficiently, precisely, and 
robustly Supply filler media of various types and forms to the 
Workpiece weld area. 
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HAND-HELD LASER WELDING WAND HAVING 
REMOVABLE FILLER MEDIA DELIVERY 

EXTENSION TIPS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is related to U. S. patent applica 
tion Ser. No. 10/460,008, filed Jun. 12, 2003, which is a 
divisional of U.S. patent application Ser. No. 10/071,025, 
filed Feb. 8, 2002, which issued as U.S. Pat. No. 6,593,540, 
on Jul. 15, 2003. 

FIELD OF THE INVENTION 

0002 The present invention relates to laser welding and, 
more particularly, to a hand-held laser welding wand that 
provides for the delivery of various types of filler media via 
internal filler media Supply conduits and removable exten 
Sion tips. 

BACKGROUND OF THE INVENTION 

0003. Many components in a jet engine are designed and 
manufactured to withstand relatively high temperatures. 
Included among these components are the turbine blades, 
Vanes, and nozzles that make up the turbine engine Section 
of the jet engine. In many instances, various types welding 
processes are used during the manufacture of the compo 
nents, and to repair the components following a period of 
usage. Moreover, various types of welding technologies and 
techniques may be used to implement these various welding 
processes. However, one particular type of welding technol 
ogy that has found increased usage in recent years is laser 
welding technology. 
0004 Laser welding technology uses a high power laser 
to manufacture parts, components, Subassemblies, and 
assemblies, and to repair or dimensionally restore worn or 
damaged parts, components, Subassemblies, and assemblies. 
In general, when a laser welding proceSS is employed, laser 
light of Sufficient intensity to form a melt pool is directed 
onto the Surface of a metal work piece, while a filler 
material, Such as powder, wire, or rod, is introduced into the 
melt pool. Until recently, Such laser welding processes have 
been implemented using laser welding machines. These 
machines are relatively large, and are configured to run 
along one or more preprogrammed paths. 
0005 Although programmable laser welding machines, 
Such as that described above, are generally reliable, these 
machines do Suffer certain drawbacks. For example, a user 
may not be able to manipulate the laser light or work piece, 
as may be needed, during the welding process. This can be 
problematic for Weld processes that involve the repair or 
manufacture of parts having extensive curvature and/or 
irregular or random distributed defect areas. Thus, in order 
to repair or manufacture parts of this type, the ASSignee of 
the present application developed a portable, hand-held laser 
welding wand. Among other things, this hand-held laser 
welding wand allows independent and manual manipulation 
of the laser light, the filler material, and/or the work piece 
during the welding process. An exemplary embodiment of 
the hand-held laser welding wand is disclosed in U.S. Pat. 
No. 6,593,540, which is entitled “Hand Held Powder-Fed 
Laser Fusion Welding Torch,” and the entirety of which is 
hereby incorporated by reference. 
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0006 The hand-held laser welding wand, such as the one 
described above, provides the capability to perform manual 
3-D adaptive laser welding on workpieces of differing types, 
materials, and configurations. Hence, there is a need for the 
ability to efficiently, precisely, and/or robustly Supply filler 
media of various types and forms to the Weld area on a 
Workpiece, and the ability to do So in a manner that is 
Substantially insensitive to potential variability of manual 
operations, and/or regardless of wand orientation, and/or 
regardless of workpiece configuration and/or shape. The 
present invention addresses one or more of these needs. 

SUMMARY OF THE INVENTION 

0007. The present invention provides and hand-held laser 
welding wand that is capable of efficiently, precisely, and/or 
robustly Supplying filler media of various types and forms to 
the Weld area on a workpiece. 
0008. In one embodiment, and by way of example only, 
a hand-held laser fusion welding assembly for treating a 
Workpiece includes a main body, a nozzle, and one or more 
extension tips. The main body is dimensioned to be grasped 
by a hand and has at least one or more filler media delivery 
flow passages extending through the main body. The main 
body is adapted to couple to at least a laser delivery System, 
and each main body filler media delivery flow passage is 
adapted to receive a filler media therein. The nozzle is 
coupled to the main body and has at least an aperture 
through which laser light from the laser delivery system may 
pass, and one or more filler media delivery flow passages 
each in fluid communication with the main body filler media 
delivery flow passages. Each nozzle filler media flow pas 
Sage extends though the nozzle and is configured to Supply 
filler media to a workpiece. The extension tips are each 
coupled to the nozzle and each extends therefrom. Each 
extension tip includes a filler media flow passage in fluid 
communication with one or more of the nozzle filler media 
flow passages. 
0009. In another exemplary embodiment, a laser fusion 
welding System includes a filler media delivery System, an 
optical cable, and a hand-held laser fusion welding assem 
bly. The filler media delivery System is configured to Supply 
filler media. The optical cable is coupled to a laser delivery 
System and is configured to transmit laser light therethrough. 
The hand-held laser fusion welding assembly includes a 
main body, a nozzle, and one or more extension tips. The 
main body is dimensioned to be grasped by a hand and has 
at least one or more filler media delivery flow passages 
extending through the main body. The main body is adapted 
to couple to the optical cable, and each main body filler 
media delivery flow passage is coupled to receive the filler 
media Supplied from the filler media delivery system. The 
nozzle is coupled to the main body, and has at least an 
aperture through which laser light transmitted through the 
optical cable may pass, and one or more filler media delivery 
flow passages each in fluid communication with the main 
body filler media delivery flow passages. Each nozzle filler 
media flow passage extends though the nozzle and is con 
figured to supply the filler media Supplied from the filler 
media Supply System to a workpiece. The extension tips are 
each coupled to the nozzle and each extends therefrom. Each 
extension tip includes a filler media flow passage in fluid 
communication with one or more of the nozzle filler media 
flow passages. 
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0010. Other independent features and advantages of the 
preferred welding wand filler media delivery system will 
become apparent from the following detailed description, 
taken in conjunction with the accompanying drawings which 
illustrate, by way of example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.011 FIG. 1 is a perspective view of an exemplary 
hand-held laser welding wand; 
0012 FIG. 2 is a perspective exploded view of the 
hand-held laser welding wand of FIG. 1; 
0013 FIG. 3 is a cross section view of the hand-held 
laser welding wand shown in FIGS. 1 and 2, and coupled 
to a wire feeder, 
0.014 FIG. 4 is a perspective isometric view of an 
exemplary nozzle that may be used with the hand-held laser 
welding wand of FIGS. 1 and 2; 
0015 FIGS. 5 and 6 are perspective end views of an 
exemplary end cap that may be used with the hand-held laser 
welding wand of FIGS. 1 and 2; 
0016 FIG. 7 is a cutaway perspective view of a portion 
of the hand-held laser welding wand of FIGS. 1 and 2; 
0017 FIG. 8 is an end view of the hand-held laser 
welding wand of FIGS. 1 and 2; and 
0018 FIG. 9 is a cross section view of the hand-held 
laser welding wand shown in FIGS. 1 and 2, and coupled 
to a filler media dispenser. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

0019. Before proceeding with the detailed description, it 
should be appreciated that the following detailed description 
is merely exemplary in nature and is not intended to limit the 
invention or the application and uses of the invention. 
Furthermore, there is no intention to be bound by any theory 
presented in the preceding background or the following 
detailed description. 
0020 Turning now to the description, and with reference 

first to FIGS. 1 and 2, an exemplary hand-held laser 
welding wand 100 is shown, and includes a main body 102, 
a nozzle 104, and an end cap 106. The main body 102, which 
is preferably configured as a hollow tube, includes a first end 
108 and a second end 110. The main body first 108 and 
second 110 ends each include a plurality of threaded open 
ings (not visible). As shown in FIG. 2, the threaded open 
ings in the main body first end 108 each receive a nozzle 
fastener 202 having mating threads, and which are used to 
couple the nozzle 104 to the main body first end 108 via a 
first gasket 204. Similarly, the threaded openings in the main 
body second end 110 each receive an end cap fastener 206 
that has mating threads, and which are used to couple the end 
cap 106 to the main body second end 110 via a second gasket 
208. It will be appreciated that the nozzle 104 and end cap 
106 could be coupled to the main body first 108 and second 
110 ends, respectively, in a different manner. For example, 
one or both of the nozzle 104 and end cap 106 could be 
threaded onto the main body first 108 and second 110 ends, 
respectively. Moreover, it will be appreciated that the main 
body 102, and/or the nozzle 104, and/or the end cap 106 
could be integrally formed. 
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0021. A reflection shield 112 may additionally be coupled 
to the wand 100. The reflection shield 112, if coupled to the 
wand 100, is used to reflect laser light that may be reflected 
off a work piece back toward the wand 100. The main body 
102 additionally includes a plurality of orifices and flow 
passages that extend between the main body first 108 and 
Second ends 110. These orifices and flow passages are used 
to direct various fluids and other media through the main 
body 102 and to the nozzle 104. Included among these 
media are coolant, Such as water, inert gas, Such as Argon, 
and filler materials, Such as powder, wire, or liquid. These 
orifices and flow passages are in fluid communication with 
orifices and flow passages in both the nozzle 104 and the end 
cap 106. A description of the Specific configuration of the 
reflection Shield 112, and the coolant and gas orifices and 
flow passages is not needed, and will thus not be further 
described in detail. However, the main body filler media 
orifices and flow passages will now be described. The 
concomitant filler media orifices and flow passages in the 
nozzle 104 and end cap 106 will also be described, when 
these components are Separately described further below. 
0022. The main body 102 includes one or more filler 
media flow passages. In the depicted embodiment, the main 
body 102 includes four filler media flow passages, evenly 
spaced around the main body 102. As is shown most clearly 
in FIG. 3, which is a cross section view of the wand 100, 
each of these filler media flow passages 302 includes an inlet 
port 304 and an outlet port 306. The inlet port 304 is formed 
in the main body second end 110, and the outlet port 306 is 
formed in the main body first end 108. As will be described 
more fully below, the main body filler media flow passages 
302 may be used to supply filler media to a work piece. 
Before doing so, however, the nozzle 104 and end cap 106 
will be further described, beginning first with the nozzle 
104. 

0023 The nozzle 104, as was noted above, is coupled to 
the main body first end 108, and includes an aperture 210 
that extends through the nozzle 104 and fluidly communi 
cates with the inside of the hollow main body 102. As will 
be described further below, it is through this aperture 210 
that laser light passes during laser welding operations. The 
nozzle 104 additionally includes a plurality of fastener 
openings 212 that extend through the nozzle 104. A nozzle 
fastener 202 passes through each of the nozzle fastener 
openings 212 and into the main body first end 108, as 
described above, to couple the nozzle 104 to the main body 
102. 

0024. As shown more clearly in FIG. 4, the nozzle 104 
additionally includes one or more filler media flow passages 
that, in conjunction with the main body filler media flow 
passages 302, are used to deliver a filler media to a work 
piece (not shown). In the depicted embodiment, the nozzle 
104 includes four filler media flow passages 402, each in 
fluid communication with one of the main body filler media 
flow passages 302. The nozzle filler media flow passages 
402, similar to the main body filler media flow passages 302, 
each include an inlet port 404 and an outlet port 406. When 
the nozzle 104 is coupled to the main body 102, each of the 
nozzle filler media flow passage inlet ports 404 is collocated 
with one of the main body filler media flow passage outlet 
ports 304. The nozzle filler media outlet ports 406 are 
preferably evenly Spaced around the nozzle aperture 210, 
and are preferably dimensioned to receive an extension tip 
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114 therein (see FIG. 1). A detailed description of the 
Structure, function, and configuration of the extension tips 
114 will be provided further below. 

0.025 The end cap 106, as was noted above, is coupled to 
the main body second end 110 via the plurality of end cap 
fasteners 206. In particular, the end cap fasteners 206 extend, 
one each, through a plurality of end cap fastener openings 
214 formed through the end cap 106, and into the main body 
Second end 110. As shown in FIGS. 5 and 6, in addition to 
the end cap fastener openings 214, the end cap 106 also 
includes two coolant flow passages 502, 504, a gas flow 
passage 506, a cable passage 508, and a plurality of filler 
media Supply passages 510 (only one shown in phantom in 
FIG. 5). The two coolant passages include a coolant Supply 
passage 502 and a coolant return passage 504. The coolant 
Supply passage 502 directs coolant, Such as water, into 
appropriate coolant flow passages formed in the main body 
102. The coolant return passage 504 receives coolant 
returned from appropriate coolant flow passages formed in 
the main body 102. The gas supply passage 506 directs an 
inert gas Such as, for example, Argon, into appropriate gas 
flow passages formed in the main body 102. Abarbed fitting 
216 (see FIG. 2) is preferably coupled to each of the coolant 
supply 502, coolant return 504, and gas supply 506 passages. 
These barbed fittings 216 may be used to couple the pas 
sages 502-506 to hoses or other flexible conduits (not 
shown) that are in fluid communication with a coolant 
Source or a gas Source (not shown), as may be appropriate. 
As was noted above with respect to the main body 102, a 
detailed description of the coolant 502,504 and gas 506 flow 
passages is not needed and will, therefore, not be provided. 
0026. The end cap cable opening 508 is adapted to 
receive an optical cable. In particular, and With reference 
back to FIGS. 2 and 3 it is seen that when an optical cable 
218 is inserted into the cable opening 508, it extends through 
the end cap 106 and is coupled to a cable receptacle 222 
mounted within the main body 102. The optical cable 218 is 
used to transmit laser light from a laser Source (not shown) 
into the main body 102. An optics assembly 230 is mounted 
within the main body 102 and is used to appropriately 
collimate and focus the laser light transmitted through the 
optical cable 218 and receptacle 222, Such that the laser light 
passes through the nozzle aperture 210 and is focused on a 
point in front of the nozzle aperture 210. A brief description 
of an embodiment of the optics assembly 230 will now be 
provided. 

0027. The optics assembly 230 includes a lens tube 232, 
a first lens 234, a Second lens 236, and an optical adjustment 
screw 238. The lens tube 232 is preferably constructed of, or 
coated with, a material that is optically inert. For example, 
in the depicted embodiment, the lens tube 232 is constructed 
of black anodized aluminum. The first 234 and second 236 
lenses are each mounted within the lens tube 232 via 
appropriate mounting hardware. In particular, each of the 
lenses 234, 236 is mounted between first and second retain 
ing rings 242, 244. In addition, a lens cover 246 and lens 
cover Spacer 248 are disposed in front of the Second lens 
236, providing physical protection for the second lens 236. 

0028. With the above described configuration, laser light 
transmitted through the optical cable 218 and receptacle 222 
passes through the first lens 234, which refracts the laser 
light So that it travels Substantially parallel to the interior 
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surface of the lens tube 232. The parallel laser light then 
passes through the Second lens 236, which focuses the laser 
light to a point in front of the nozzle aperture 210. It will be 
appreciated that the location of point in front of the nozzle 
aperture 210 to which the laser light is focused is a function 
of the focal length of the Second lens 236, and its mounting 
location within the lens tube 232, which is determined by the 
second lens retaining rings 242,244. It will additionally be 
appreciated that the Spacing of the first lens 234 relative to 
the optical receptacle 222 affects the collimation of the 
optics assembly 230. Hence, the optical adjustment Screw 
238, to which the optical receptacle 222 is coupled, is 
movably mounted within the lens tube 232, and may be used 
to adjust the spacing between the first lens 234 and the 
optical receptacle 222. In a particular preferred embodiment, 
the inner Surface of the lens tube 232 and the outer Surface 
of the optical adjustment screw 238 are each threaded to 
provide this adjustability function. 
0029) Returning once again to FIGS. 5 and 6, it is seen 
that, at least in the depicted embodiment, the end cap 106 
includes four filler media flow passages 510, each of which 
is in fluid communication with one of the main body filler 
media flow passages 302. The end cap filler media flow 
passages 510 each include an inlet port 512 (only two 
visible) and an outlet port 514. When the end cap 106 is 
coupled to the main body 102, each end cap filler media 
outlet port 514 is collocated with one of the main body filler 
media flow passage inlet ports 304. The end cap filler media 
inlet ports 512 may be coupled to receive any one of 
numerous types of filler media including, but not limited to, 
those delineated above. The particular filler media used may 
be fed into one or more of the end cap filler media inlet ports 
512 either manually or, as will be further described below, 
the filler media may be fed automatically from a filler media 
feed assembly (not shown). 
0030. With reference once again returned to FIGS. 2 and 
3, it is seen that a plurality of filler media liner tubes 250 are 
provided. These filler media liner tubes 250 may be inserted, 
one each, through one of the end cap filler media flow 
passages 510, and into the main body filler media flow 
passages 302. The filler media liner tubes 250 further guide 
the filler media into and through the main body 102, and into 
the nozzle filler media flow passages 402. The filler media 
liner tubes 250 also protect each of the filler media openings 
and flow passages against any erosion that could result from 
filler media flow or movement through the openings and 
flow passages. Although use of the filler media liner tubes 
250 is preferred, it will be appreciated that the wand 100 
could be used without the filler media liner tubes 250. 

0031 AS was previously noted, while describing the 
nozzle 104, a plurality of extension tips 114 may be remov 
ably coupled to the nozzle 104. More specifically, and as 
shown most clearly in FIG. 7, one or more extension tips 
114 may be inserted, one each, into the nozzle filler media 
flow passage outlet ports 406. The extension tips 114 are 
preferably, though not necessarily, tubular in shape and each 
includes a filler media flow passage 702 (only two visible in 
that extends through the tip 114. Thus, filler media directed 
into the main body filler medial flow passages 302, via the 
end cap filler media flow passages 510, flows into and 
through the nozzle filler media flow passages 402, and into 
and through any extension tips 114 that may be inserted in 
the nozzle 104. 
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0.032 The extension tips 114 are each preferably secured 
within the nozzle filler media flow passage outlet ports 406 
using a fastener 704 Such as, for example, a threaded Set 
screw fastener. The nozzle 104 includes a plurality of 
threaded fastener opening 706 (see FIG. 4 also), which are 
positioned around the outer periphery of the nozzle 104 near 
each of the nozzle filler media flow passage outlet ports 406. 
Each threaded fastener opening 706 extends through the 
nozzle 104 and is in fluid communication with one of the 
nozzle filler media flow passages 402. The threaded fastener 
openings 706 are preferably configured such that the exten 
sion tip fasteners 704, upon being disposed within the 
fastener openings 706, urge the extension tips 114 into the 
nozzle filler media flow passages 402. Moreover, and with 
brief reference to FIG. 8, it is seen that the fasteners 704 and 
fastener openings 706 are preferably configured to Secure 
the extension tips 114 by a precise friction fit between the 
threads of the fasteners 704 and the outer peripheral surface 
of the extension tips 114. This preferred configuration 
ensures the extension tips 114 are not deformed if the 
fasteners 704 are over-tightened inadvertently. Additionally, 
the depicted fastening technique simplifies the process of 
replacing the extension tips 114, which may become worn 
with repeated usage. 

0033. The extension tips 114 may be made of any one of 
numerous types of materials. For example, the extension tips 
114 can be formed of any one of numerous metals or metal 
alloys including, for example, Stainless Steel, brass, and 
copper. The extension tips 114 could also be formed entirely, 
or partially, of any one of numerous types of ceramic 
materials. Such as, for example, yttria, alumina, and Macor. 
The extension tips 114 are preferably configured such that 
each has an outer diameter that is just slightly less than the 
inner diameter of the nozzle filler media flow passage outlet 
ports 406. Thus, each extension tip 114 fits snugly within the 
nozzle filler media flow passage outlet ports 406, while 
allowing each extension tip 114 to be readily inserted into, 
and readily removed from, the nozzle filler media flow 
passage outlet ports 406, as desired. It will be appreciated, 
however, that the other dimensions of the plurality of 
extension tips 114 preferably vary. For example, the inner 
diameter of the extension tips 114 may vary, and may be 
Selected based on the particular filler (or fillers) being used. 
In particular, the inner diameter may be Selected to provide 
Substantially optimum flow and delivery characteristics 
based various on filler parameterS Such as, for example, 
mesh size, density, and filler physical form (e.g., powder, 
wire, etc.). 
0034. In addition to variations in extension tip inner 
diameter, the length of the extension tipS 114 may also vary 
to provide Substantially optimal placement of filler relative 
to the melt pool on a workpiece. For example, relatively 
longer eXtension tips 114 allows filler deposition closer to 
the melt pool, which results in a relatively more precise filler 
application and less unconsumed filler, most notably if a 
powder filler is used. Conversely, relatively shorter exten 
Sion tipS 114 may provide more ready access to a workpiece, 
depending on configuration and physical location. Shorter 
extension tips 114 can also reduce the effects of reflected 
laser light and thermal radiation from the melt pool, Since 
the wand 100 is closer to the melt pool when shorter 
extension tipS 114 are used. 
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0035. The type, number, and configuration of the exten 
Sion tips 114 that are used may vary, depending on the 
particular weld process being conducted using the wand 
100, and/or the particular type of filler being used. For 
example, if a wire feeder 308 is used to supply wire filler 312 
to the work piece Via one of the filler media flow passages 
510,302, 402 that extend through the wand 100, as shown 
in FIG. 3, a single extension tip 114, if desired, can be 
inserted into the nozzle filler media flow passage outlet ports 
406 through which the wire filler 312 will pass. It will be 
appreciated that although a single wire feeder 308, Supply 
ing wire filler 312 to a Single Set of filler media flow passages 
510,302, 402, is shown in FIG. 3, additional wire filler 312 
could be fed to one or more of the remaining sets of filler 
media flow passages 510, 302, 402, from one or more 
additional wire feeders 308. 

0036) Alternatively, if a powder or liquid type of filler is 
being used, as shown in FIG. 9, an appropriate type of 
automated filler media dispenser 902 may be coupled to one 
or more sets of the filler media flow passages 510,302, 402 
that extend through the wand 100, via one or more conduits 
904 and one or more of the filler media liner tubes 250. In 
Such instances, an extension tip 114 may be inserted into 
each of the nozzle filler media flow outlet ports 406 through 
which the filler will flow. AS FIG. 9 illustrates, the nozzle 
filler media flow passages 402 are preferably configured 
such that the filler that exits each of the extension tips 114 
is directed toward a common apex 906. It will be appreciated 
that an extension tip 114 need not be inserted into each of the 
nozzle filler media outlet ports 406 through which the filler 
will flow. Rather, depending on the specific type of filler 
being used, the welding process being conducted, and/or the 
type and configuration of the workpiece, extension tips 114 
may be inserted into only selected ones of the nozzle filler 
media flow outlet ports 406. Moreover, the material type, 
length, and/or inner diameter of the extension tips 114 that 
are used may vary. 

0037. The laser light transmitted through the nozzle aper 
ture 210 is used to conduct various types of welding pro 
ceSSes on various types, Shapes, and configurations of work 
pieces. In many of these processes, filler is Supplied to a melt 
pool formed on the workpiece by the transmitted laser light. 
The filler that is supplied to the melt pool may be fed through 
the wand 100, as described above, either manually or 
automatically. In addition, filler may be Supplied to the melt 
pool independent of the wand 100. That is, filler may be 
Supplied to the melt pool completely independent of the 
wand, either manually or automatically, or it may be Sup 
plied to the melt pool both via the wand 100 and independent 
of the wand 100. 

0038. The extension tips 114 may be selectively coupled 
to the nozzle 104, depending on the type of filler, welding 
process, and/or workpiece configuration. The extension tips 
114 allow filler to be delivered efficiently, precisely, and 
robustly to the melt pool on a workpiece, and in a manner 
that is relatively leSS Sensitive to manual control variability. 

0039 While the invention has been described with ref 
erence to a preferred embodiment, it will be understood by 
those skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without 
departing from the Scope of the invention. In addition, many 
modifications may be made to adapt to a particular situation 
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or material to the teachings of the invention without depart 
ing from the essential Scope thereof. Therefore, it is intended 
that the invention not be limited to the particular embodi 
ment disclosed as the best mode contemplated for carrying 
out this invention, but that the invention will include all 
embodiments falling within the Scope of the appended 
claims. 

We claim: 
1. A hand-held laser fusion welding assembly, compris 

ing: 

a main body dimensioned to be grasped by a hand and 
having at least one or more filler media delivery flow 
passages extending through the main body, the main 
body adapted to couple to at least a laser delivery 
system, and each main body filler media delivery flow 
passage adapted to receive a filler media therein; 

a nozzle coupled to the main body, the nozzle having at 
least an aperture through which laser light from the 
laser delivery System may pass, and one or more filler 
media delivery flow passages each in fluid communi 
cation with one or more of the main body filler media 
delivery flow passages, each nozzle filler media flow 
passage extending though the nozzle and configured to 
Supply filler media to a workpiece; and 

one or more extension tips coupled to the nozzle and 
extending therefrom, each extension tip including a 
filler media flow passage in fluid communication with 
one or more of the nozzle filler media flow passages. 

2. The assembly of claim 1, wherein: 

each extension tip is removably coupled the nozzle; and 

each extension tip is inserted into one of the nozzle filler 
media flow passages. 

3. The assembly of claim 1, wherein the nozzle further 
includes an outer peripheral Surface, and wherein the assem 
bly further comprises: 

one or more extension tip fastener openings extending 
through the nozzle Outer peripheral Surface, each fas 
tener opening adjacent to, and in fluid communication 
with, one of the nozzle filler medial delivery flow 
passages, and 

one or more extension tip fasteners, each extension tip 
fastener disposed within one of the extension tip fas 
tener openings and coupled to one of the extension tips, 
whereby the extension tips are Secured within the 
nozzle filler medial delivery flow passages. 

4. The assembly of claim 3, wherein: 

each of the nozzle filler media flow passages includes a 
central axis, and 

each of the extension tip fastener openings includes a 
central axis that does not intersect the central axis of the 
adjacent nozzle filler media flow passage. 

5. The assembly of claim 1, wherein each extension tip is 
Selected from a plurality of extension tips. 

6. The assembly of claim 5, wherein each of the plurality 
of extension tips has a length that differs from Selected one 
or more of other of the plurality of extension tips. 
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7. The assembly of claim 5, wherein each of the plurality 
of extension tips has an inner diameter that differs from 
Selected one or more of other of the plurality of extension 
tips. 

8. The assembly of claim 5, wherein each of the plurality 
of extension tips comprises a material that differs from 
Selected one or more of other of the plurality of extension 
tips. 

9. The assembly of claim 1, further comprising: 

one or more filler media liner tubes, each liner tube 
disposed at least partially within one of the main body 
filler media delivery flow passages. 

10. The assembly of claim 1, further comprising: 
an end cap coupled to the main body Second end, the end 

cap having an optical cable opening adapted to receive 
an optical cable, and one or more filler media delivery 
flow passages each in fluid communication with one of 
the main body filler media delivery flow passages. 

11. The assembly of claim 10, further comprising: 

one or more filler media liner tubes, each liner tube 
disposed at least partially within one of the end cap 
filler media delivery flow passages and one of the main 
body filler media delivery flow passages. 

12. The assembly of claim 1, further comprising: 
an optics assembly mounted within the main body and 

configured to focus the laser light from the laser 
delivery System on a point in front of the nozzle 
aperture. 

13. The assembly of claim 12, wherein the optics assem 
bly comprises: 

a lens conduit having at least a first end and a Second end; 
a first lens mounted within the lens conduit adjacent the 

lens conduit first end, the first lens configured to 
collimate the laser light from the laser delivery System; 
and 

a Second lens mounted within the lens conduit adjacent 
the lens conduit Second end, the Second lens configured 
to focus the collimated laser light on the point in front 
of the nozzle aperture. 

14. The assembly of claim 13, wherein at least the first 
lens is movably mounted within the lens conduit, and 
wherein the assembly further comprises: 

a receptacle assembly mounted within the main body 
adjacent the lens conduit first end, the receptacle 
assembly adapted to receive an optical cable through 
which the laser light from the laser delivery system is 
transmitted; and 

an optical adjustment Screw movably mounted within the 
lens conduit adjacent the first lens, the optical adjust 
ment Screw configured to adjust a spacing between the 
first lens and the receptacle assembly, whereby the 
collimation of the delivered laser light is adjustable. 

15. A laser fusion welding System, comprising: 

a filler media delivery System configured to Supply filler 
media; 

an optical cable coupled to a laser delivery System and 
configured to transmit laser light therethrough; and 
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a hand-held laser fusion welding assembly including: 
a main body dimensioned to be grasped by a hand and 

having at least one or more filler media delivery flow 
passages extending through the main body, the main 
body adapted to couple to the optical cable, and each 
main body filler media delivery flow passage 
coupled to receive the filler media Supplied from the 
filler media delivery System, 

a nozzle coupled to the main body, the nozzle having at 
least an aperture through which laser light transmit 
ted through the optical cable may pass, and one or 
more filler media delivery flow passages each in fluid 
communication with the main body filler media 
delivery flow passages, each nozzle filler media flow 
passage extending though the nozzle and configured 
to supply the filler media supplied from the filler 
media Supply System to a workpiece, and 

one or more extension tips coupled to the nozzle and 
extending therefrom, each extension tip including a 
filler media flow passage in fluid communication 
with one or more of the nozzle filler media flow 
passageS. 

16. The system of claim 15, wherein: 
each extension tip is removably coupled the nozzle; and 

each extension tip is inserted into one of the nozzle filler 
media flow passages. 

17. The system of claim 15, wherein the nozzle further 
includes an outer peripheral Surface, and wherein the assem 
bly further comprises: 

one or more extension tip fastener openings extending 
through the nozzle Outer peripheral Surface, each fas 
tener opening adjacent to, and in fluid communication 
with, one of the nozzle filler medial delivery flow 
passages, and 

one or more extension tip fasteners, each extension tip 
fastener disposed within one of the extension tip fas 
tener openings and coupled to one of the extension tips, 
whereby the extension tips are Secured within the 
nozzle filler medial delivery flow passages. 

18. The system of claim 17, wherein: 
each of the nozzle filler media flow passages includes a 

central axis, and 

each of the extension tip fastener openings includes a 
central axis that does not intersect the central axis of the 
adjacent nozzle filler media flow passage. 

19. The assembly of claim 15, wherein each extension tip 
is Selected from a plurality of extension tips. 

20. The assembly of claim 19, wherein each of the 
plurality of extension tips has a length that differs from 
Selected one or more of other of the plurality of extension 
tips. 

21. The assembly of claim 19, wherein each of the 
plurality of extension tips has an inner diameter that differs 
from selected one or more of other of the plurality of 
extension tips. 

22. The assembly of claim 19, wherein each of the 
plurality of extension tips comprises a material that differs 
from selected one or more of other of the plurality of 
extension tips. 
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23. The system of claim 15, further comprising: 
one or more filler media liner tubes, each liner tube 

disposed at least partially within one of the main body 
filler media delivery flow passages, 

wherein the filler media supplied from the filler media 
delivery System either flows or extends through one or 
more of the liner tubes. 

24. The system of claim 15, further comprising: 
an end cap coupled to the main body Second end, the end 

cap having an optical cable opening through which the 
optical cable extends, and one or more filler media 
delivery flow passages each in fluid communication 
with one of the main body filler media delivery flow 
passages and coupled to receive the filler media Sup 
plied from the filler media delivery system. 

25. The system of claim 24, further comprising: 
one or more filler media liner tubes, each liner tube 

disposed at least partially within one of the end cap 
filler media delivery flow passages and one of the main 
body filler media delivery flow passages, 

wherein the filler media supplied from the filler media 
delivery System either flows or extends through one or 
more of the liner tubes. 

26. The system of claim 15, wherein the filler media 
delivery System comprises: 

a wire feeder; and 
one or more Strands of wire filler media coupled to the 

wire feeder. 
27. The system of claim 15, wherein the filler media 

delivery System comprises: 

a container having an inner Volume; 
powder filler media disposed within the container inner 

Volume; and 

one or more conduits, each conduit in fluid communica 
tion with the container inner Volume and a main body 
filler media delivery flow passage. 

28. The system of claim 15, wherein the filler media 
delivery System comprises: 

a container having an inner Volume; 
liquid filler media disposed within the container inner 

Volume; and 
one or more conduits, each conduit in fluid communica 

tion with the container inner Volume and a main body 
filler media delivery flow passage. 

29. The system of claim 15, further comprising: 
an optics assembly mounted within the main body and 

configured to focus the laser light from the laser 
delivery System on a point in front of the nozzle 
aperture. 

30. The system of claim 29, wherein the optics assembly 
comprises: 

a lens conduit having at least a first end and a Second end; 
a first lens mounted within the lens conduit adjacent the 

lens conduit first end, the first lens configured to 
collimate the laser light from the laser delivery System; 
and 



US 2005/O133486A1 

a Second lens mounted within the lens conduit adjacent 
the lens conduit Second end, the Second lens configured 
to focus the collimated laser light on the point in front 
of the nozzle aperture. 

31. The system of claim 30, wherein at least the first lens 
is movably mounted within the lens conduit, and wherein the 
System further comprises: 

an optical cable through which the laser light from the 
laser delivery System is transmitted; 
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a receptacle assembly mounted within the main body 
adjacent the lens conduit first end, the receptacle 
assembly coupled to the optical cable; and 

an optical adjustment Screw movably mounted within the 
lens conduit adjacent the first lens, the optical adjust 
ment Screw configured to adjust a spacing between the 
first lens and the receptacle assembly, whereby the 
collimation of the delivered laser light is adjustable. 
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